National Sediment Quality Survey

Chapter 5

Conclusions and Discussion

he National Sediment Inventory (NSI) is EPA's pling station may also affect neighboring sampling sta-
largest compilation of sediment chemistry datations.
and related biological data. It includes approxi-
mately 2 million records for more than 21,000 monitor- EPA chose the watershed as the unit of spatial analy-
ing stations across the country. EPA's evaluation of theis because many state and federal water and sediment
NSI data was the most geographically extensive investiguality management programs, as well as data acquisi-
gation of sediment contamination ever performed in thdion efforts, are centered around this unit. This choice
United States. The evaluation was based on proceduresflects the growing recognition that activities taking
to address the probability of adverse effects to aquatiplace in one part of a watershed can greatly affect other
life and human health. parts of the watershed, and that management efficien-
cies are achieved when viewing the watershed holisti-
The characteristics of the NSI data, as well as theally. At the same time, the Agency recognizes that
degree of certainty afforded by available assessmembntamination in some reaches in a watershed does not
tools, allow neither an absolute determination of adversaecessarily indicate that the entire watershed is affected.
effects on human health or the environment at any loca-
tion, nor a determination of the areal extent of contami-  Watershed management is a vital component of com-
nation on a national scale. However, the evaluatiomunity-based environmental protection. The Agency
results strongly suggest that sediment contaminatioand its state and federal partners can address sediment
may be significant enough to pose potential risks tacontamination problems through watershed management
aquatic life and human health in some locations. Thapproaches. Watershed management programs focus on
evaluation methodology was designed for the purposbydrologically defined drainage basins rather than areas
of a screening-level assessment of sediment quality; fudefined by political boundaries. These programs recog-
ther evaluation would be required to confirm that sedinize that conditions of land areas and activities within
ment contamination poses actual risks to aquatic life othe watershed affect the water resource. Local manage-
human health for any given site or watershed. ment, stakeholder involvement, and holistic assessments
of water quality are characteristics of the watershed ap-
Based on the number and percentage of samplingroach.The National Estuary Program is one example of
stations containing contaminated sediment within wathe watershed approach that has led to specific actions
tershed boundaries, EPA identified a number of waterto address contaminated sediment problems. Specifi-
sheds containing areas of probable concern for sedimeaally, the Narragansett (RI) Bay, Long Island Sound, New
contamination (APCs) where additional studies may bé&ork/New Jersey Harbor, and San Francisco Bay Estuary
needed to draw conclusions regarding adverse effecBrograms have all recommended actions to reduce sources
and the need for actions to reduce risks. Although thef toxic contaminants to sediment. Numerous other ex-
APCs were selected by means of a screening exercisamples of watershed management programs are summa-
EPA believes that they represent the highest priority forized in The Watershed Approach: 1993/94 Activity
further ecotoxicological assessments, risk analysis, tenReport(USEPA, 19949) and Phase | Inventory of Cur-
poral and spatial trend assessment, contaminant sourmnt EPA Efforts to Protect EcosystefaSEPA, 1995b).
evaluation, and management action because of the pre-
ponderance of evidence in these areas. Although the This chapter presents some general conclusions
procedure for classifying APCs using multiple samplingabout the extent of sediment contamination in the United
stations was intended to minimize the probability of mak-States and sources of sediment contaminants. It also
ing an erroneous classification, further evaluation of conincludes comparisons to other national studies that ad-
ditions in watersheds containing APCs is necessargress the extent of sediment contamination and to a na-
because the same mitigating factors that might redudgonal survey of state-issued fish consumption advisories.
the probability of associated adverse effects at one sanm addition, this chapter presents the results of an analy-

5-1



Conclusions and Discussion

sis of the sensitivity of parameters used to evaluate pavere classified as Tier 2. Intotal, over 5,000 river reaches
tential human health effects from exposure to PCBs anith the United States—approximately 8 percent of all river
mercury, which was performed to show how the use ofeaches—include at least one Tier 1 or Tier 2 station.
different screening values affect the results. The chap-

ter concludes with a discussion of the strengths and limi-  EPA cannot determine the areal extent or number of
tations of the NSI data and evaluation method. river miles of contaminated sediment in the United States

because the NSI does not provide complete coverage for

It is important to understand both the strengths anéhe entire nation, sampling locations are largely based
limitations of this analysis to appropriately interpreton @ nonrandom sampling design, and sediment quality
and use the information contained in this report. Th&an vary greatly within very short distances.
limitations do not prevent intended uses, and future reports
to Congress on sediment quality will contain lessenn Most of the NSI data were compiled from nonran-
tainty. To ensure that future reports to Congress accuratefom monitoring programs. Such monitoring programs
reflect current knowledge concerning the conditions ofocus sampling efforts on areas where contamination is
the Nation's sediment as our knowledge and applicaknown or suspected to occur. As a result, assuming all
tion of science evolves, the NSI will develop into aother factors are the same, the frequency of Tier 1 or Tier
perodically updated, centralized assemblage of sedimentclassification based on the NSI data evaluation is prob-

quality measurements and assessment techniques. ably greater than that which would result from purely
random sampling. Swartz et al. (1995) demonstrated the

Extent of Sediment Contamination effects of nonrandom sampling design on the frequency
of detecting contaminated sampling stations. They com-

Based on the evaluation, sediment contaminatior'?ared the percent of sediment sampling stations that ex-

exists at levels where associated adverse effects are prdieded PAH screening effects levels (ERL, SQC, AET)
able (Tier 1) in some locations within each region an ased on random sampling station selection (Virginian

state of the country. The water bodies affected includ& "oVince EMAP stations) to the percent of sampling sta-

streams, lakes, harbors, nearshore areas, and oceanstioQS that exceeded those levels based on sampling sta-

number of specific areas in the United States had largg®" Selection on the basis of known PAH contamination
numbers of sampling stations where associated adverseHCh @s creosote-contaminated Eagle Harbor, Washing-
effects are probable. Puget Sound, Boston Harbor, tH@n)- They found that the frequency of exceeding a sedi-
Detroit River, San Diego Bay, and portions of the Ten/Me€nt chemistry screening value in sampling stations
nessee River were among those locations. Several U.§10Wn to be contaminated was 5 to 10 times greater
harbors (e.g., Boston Harbor, Puget Sound, Los Angelef1an that for randomly selected sampling stations.

Chicago, Detroit) appear to have some of the most se- ) .
The percentage of all NSI sampling stations where

verely contaminated sediments in the country. This find- _ " e _
ing is not surprising since major U.S. harbors have beefiSsociated adverse effects are “"probable” or "possible

affected throughout the years by large volumes of bodiut expected infrequently” (i.e., 26 percent in Tier 1 and

traffic, contaminant loadings from upstream sources, an@9 percent in Tier 2) does not represent the overall condition
many local point and nonpoint sources of sediment across the country: the overall extent of

contaminated sediment is much less, as is the percentage
Thousands of other water bodies in hundreds oPf sampling stations where contamination is expected to
watersheds throughout the country contain samplin&Ctua”y exert adverse effects. For example, a reasonable
stations classified as Tier 1. Many of these Samp”n%stimate of the national extent of contamination leading
stations may represent isolated “hot spots” rather thalp adverse effects to aquatic life is between 6 and 12
widespread sediment contamination, although insufficienp€rcent of sediment underlying surface waters. This is
data were available in the NSI to make such a determinatioR/imarily because the majority of sampling stations in
EPA's River Reach File 1 (RF1) delineates the Natiordhe NSl are located in known or suspected areas of sediment

rivers and waterways into segments, or reaches, of algpntamination (i.e., sampling stations were not randomly
proximately 1 to 10 miles in length. Based on RF1 selected). However, some individual data sets that are

approximately 11 percent of all river reaches in thé@nclud_ed i_n the NSI, as well as the results of independent
United States contained NSI sampling stations. Mordvestigations conducted by other researchers, can be
than 5,000 sampling stations in approximately 2,400 rivefPPlied to represent the areal extent of sediment contami-
reaches across the country (4 percent of all reaches) wdtglion intheir respective study areas. EPA's EMAP data

classified as Tier 1. Another 10,000 sampling station&ollection effort featured a probabilistic, or random, sam-
' pling design. In the Virginian and Louisianian EMAP
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Provinces, located on the Mid-Atlantic and Gulf coasts  Inthe NSI evaluation, 3,283 and 9,688 of the 17,884
respectively, 104 of 678 (15.3 percent) of sedimensampling stations with sediment chemistry data avail-
samples were toxic to amphipods. With a 5 percent falsable were classified as Tier 1 and Tier 2, respectively, for
positive rate (statistical alpha=0.05), EMAP toxicity datarisk to bottom dwelling aquatic organisms. Using a 40
suggest that about 10 percent of marine and estuariqercent probability of lethality at Tier 1 and a 20 percent
sites are sufficiently contaminated to cause lethality tgrobability of lethality at Tier 2, and further assuming
benthic organisms (Richard Swartz, personal communit0 times less frequent Tier 1 and Tier 2 classification
cation, December 27, 1996). In another recent studyupper end of range from Swartz et al., 1995) in a random
Long et al. (1996) examined amphipod survival in tessample and no lethality at Tier 3 sampling stations, the
sediment collected from 1,176 locations in 22 estuarinestimated extent of sediment contamination in the
areas throughout the nation. These authors concludédhited States associated with lethality to bottom dwell-
that the areal extent of toxic sediment comprised aping aquatic organisms is 2 percent. At the other extreme,
proximately 11 percent of the combined study area. assuming 2 times less frequent Tier 1 and Tier 2 classifi-
cation (lower end of range from EMAP/NSI compari-
To apply the NSI evaluation to estimate the areakons) in a random sample and a 10 percent probability of
extent of toxic sediment in the United States, three fadethality at all resulting Tier 3 sampling stations (11,399;
tors must be accounted for: (1) most of the NSI data wenacluding the additional sampling stations previously
generated from sampling targeted toward areas of knowalassified as Tier 1 and Tier 2 before adjusting for ran-
or suspected contamination, (2) sediment chemistrdom sampling), the estimated extent of sediment con-
screening values only identify sediment associated wittamination associated with lethality to bottom dwelling
aprobability of toxicity, and (3) toxicity is demonstrated aquatic organisms is 15 percent. Avoiding either ex-
at some sampling stations where sediment chemistriyeme, assuming 2 to 5 times less frequent Tier 1 and Tier
screening values are not exceeded. The latter conditigh classification in a random sample and a 10 percent
could be a result of false positives (i.e., laboratory toxicprobability of lethality for only the original Tier 3 sampling
ity that would not be present in the field), toxic chemi-stations (4,913; prior to adjusting for random sampling),
cals present in the field but not measured or evaluatethe range narrows to 6 to 12 percent—about 1,000 to
or toxicity that correlative screening values do not pre2,000 toxic sampling stations out of approximately
dict (e.g., by definition 10 percent of toxic samples in18,000. This range encompasses the areal extent point
the "effects distribution" lie blow the ERL). estimates from EMAP toxicity data and Long et al. (1996).
EPA believes these are reasonable estimates of the ex-
Using information from available data and publishedtent of sediment contamination across the United States.
studies, the effects of each of the above factors can be
quantified. Swartz et al. (1995) suggest that exceedinga The results of the NSI data evaluation must be inter-
sediment chemistry screening value at sites of known qoreted in the context of data availability. Many states
suspected contamination is 5 to 10 times more likel\and EPA Regions appear to have a much greater inci-
than at sites where sediment is randomly sampled. Howevelence of sediment contamination than others. To some
comparison of Tier 1 classification for Virginian and Loui- degree, this appearance reflects the relative abundance
sianan EMAP data to the entire NSI data base suggest$é readily available electronic data, not necessarily the
that the mix of sampling strategies in the NSI data baseelative incidence of sediment contamination. For ex-
as a whole results in screening value exceedance at 2ample, 182 of the 920 river reaches in lllinois contain a
4 times as many sampling stations than purely randoriier 1 sampling station, whereas only 9 of the 5,490
sampling. Long et al., (in press), as well as a comparisoreaches in Montana contain a Tier 1 sampling station.
of matched sediment chemistry and toxicity data withinHowever, the NSl includes sampling station data for over
the NSI, suggest that approximately 40 percent of Tier 50 percent of the river reaches in lllinois but less than 1
sampling stations, and 20 percent of Tier 2 samplingercent of the river reaches in Montana. Therefore, al-
stations, would exhibit significant lethality to bottom though the absolute number of Tier 1 and Tier 2 stations
dwelling aquatic organismBoth data sets also suggestin each state is important, relative comparisons of the
that significant lethality occurs approximately 10 per- incidence of sediment contamination between states is
cent of Tier 3 stations, where no screening value is exaot possible because the extent of sampling and data
ceeded. Alternatively, one could assume that significardavailability vary widely.
laboratory toxicity at randomly sampled locations clas-
sified as Tier 3 only represents "false positives", and  For a number of reasons, some potentially contami-
therefore that no toxicity occurs at Tier 3 sampling stanated sediment sites were missed in this evaluation. The
tions classified from random sampling. most obvious reason is that the NSI does not include all
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sediment quality data that have ever been collected. For Some correlations between land use and sediment
example, the NSl does not include many EPA Superfundontamination caused by specific classes of chemicals
Program data and therefore sampling stations in the vivere identified in Chapter 4. Agricultural land use was
cinity of hazardous waste sites might not have been incorrelated with the extent of sediment contaminated with
cluded in the NSI evaluation. Additional data sets willorganochlorine pesticides in APC watersheds, especially
be added to the NSI for future evaluations to provideghose with more than 75 percent of land area devoted to
better national coverage. In addition, some data in therop production or rangeland. In contrast, the extent of
NSI were not evaluated because of questions concernirsgdiment contaminated with PAHs, mercury, and other
data quality or because no locational information (lati-metals in APC watersheds correlated with the extent of
tude and longitude) was available. urban land use. Land use did not appear to be associated
with the extent of PCB contamination.
Sources of Sediment
Contamination Comparison of NSI Evaluation
Results to Results of Previous

Some of the most significant sources of persistenSediment Contamination Studies
and toxic chemicals have been eliminated or reduced as
the result of environmental controls put into place dur-  The results of this study are consistent with the find-
ing the past 10 to 20 years. For example, the commerciglgs of other national assessments of sediment contami-
use of PCBs and the pesticides DDT and chlordane hafation. For example, in EPA's 199ational Water
been restricted or banned in the United States. In add@uality Inventoryreport, 27 states identified 770 known
tion, effluent controls on industrial and municipal point contaminated sediment sites (USEPA, 1994e). The iden-
source discharges and best management practices for ffad “sites” probably best correlate to river reaches from
control of nonpoint sources have greatly reduced conthis analysis in terms of areal extent. The NSI evalua-
taminant loadings to many of our rivers and streams. tjon identified approximately 2,400 river reaches in 50

states that contain a Tier 1 sampling station. Ii\tae

The results of better controls over releases of seditional Water Quality Inventoryeport, the states fre-
ment contaminants are evident from studies such as thgtiently listed metals (e.g., mercury, cadmium, and zinc),
conducted by Swartz et al. (1991) on the Palos VerdescBs, DDT (and its by-products), chlordane, and prior-
Shelf. These researchers examined sediment cores c@ly organic chemicals as the cause of sediment contami-
lected at two sites on the Palos Verdes Shelf near the Legation. They identified industrial and municipal
Angeles County Sanitation District's municipal waste- discharges (past and present), landfills, resource extrac-
water outfalls, and at two reference sites in Santa Monicaion, abandoned hazardous waste disposal sites, and com-

They found that the vertical distribution of sedimentpined sewer overflows as the most important sources of
toxicity near the outfalls was significantly correlated sediment contamination.

with profiles of total organic carbon and sediment chemi-
cal contamination. Dating of core horizons showed that |n a 1987 overview of sediment contamination

sediment toxicity also was significantly correlated with (which was based on a limited amount of national data),
historical records of the mass emission rate of suspendetba estimated that hundreds of sites located in all re-
solids from the outfalls. The vertical profiles showedgions of the United States have in-place sediment con-
that the toxicity of surficial sediments increased aftektaminants at concentrations of concern (USEPA, 1987).
the initiation of the discharge in the 1950s, remainedrhe study identified harbor areas, both freshwater and
relatively high until the early 1970s, and then decreasegharine, as some of the most severely impacted areas in
after the implementation of source controls and improveghe country. The study identified municipal and indus-
effluent treatment (Swartz et al., 1991). trial point source discharges, urban and agricultural run-
off, combined sewer overflows, spills, mine drainage,

Based on the NSI data evaluation, metals and peind atmospheric deposition as frequently cited sources
sistent organic chemicals are the contaminants most o§f sediment contamination.

ten associated with sediment contamination. Despite

recent progress in controlling sediment contaminant re-  In 1994, the National Oceanic and Atmospheric Admin-
leases to the environment, active sources of these coistration (NQA\A) released iténventory of Chemical Con-
taminants still exist. These include nonpoint sourceentrations in Coastal and Estuarine SediméNtSAA,
loadings such as surface water runoff and atmospherit994). This study categorized 2,800 coastal sites as ei-
deposition, point source loadings, and resuspension dtier “high” or “hot” based on the contaminant concen-
in-place sediment contaminants from historical sourcedrations found at the sampling locations. NOAA did not
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use risk-based screening values for its analysis. Usinguman health effects are located in water bodies for which
the National Status and Trends Mussel Watch data sdtsh consumption advisories have been issued for the
“high” values were defined as the mean concentratiochemical(s) responsible for the Tier 1 or Tier 2 categori-
for a specific chemical plus one standard deviation. Higlzation. Tier 1 and Tier 2 stations are located predomi-
values corresponded to about the 85th percentile of comantly where data have been collected and compiled for
taminant concentration. “Hot” concentrations were dethe NSI, whereas fish consumption advisories are located
fined as those exceeding five times the “high” valuesin states with active fish advisory programs. Unlike the
Most of the “hot” sites were in locations with high ship NSI data evaluation, which is applied consistently to
traffic, industrial activity, and relatively poor flushing, available data, risk assessment methods used by states
such as harbors, canals, and intracoastal waterwaysay vary.

(NOAA, 1994). Mercury and cadmium exceeded the

NOAA “hot” thresholds at a greater percentage of sites  Although there is good agreement for other chemi-
where they were measured (about 7 percent each) thaals, mercury is notably absent from the Tier 1 category

other sediment contaminants. in Table 5-1. Using the NSI evaluation methodology,

. . mercury cannot place a sampling stations in Tier 1 for
Comparison of NSI Evaluation potential human health effects. For chemicals other than
Results to Fish PCBs and dioxins, sediment chemistry and fish tissue
Consumption

Table 5-1. Comparison of Contaminants Most Often Associated With Fish
Consumption Advisories and Those Which Most Often Cause
Stations to Be Placed in Tier 1 or Tier 2 Based on the NSI Data
Evaluation

Advisories

EPA recently published a Na-
tional Listing of Fish Consump
tion Advisories issued by sta Number of River Reaches That Include

at Least One Tier 1 or Tier 2 Station
ﬁgf\:irgrrlr;imf)tlOAI’ISac()ifVIJiJ?IA(;’S];/;Z 2 Based on the NSI Data Evaluation of

: i Human Health Fish Consumption
in place in 46 states. (Each adyi- Advisories Parameters

sory might apply to several watgr % of Water Bodies with
body segments, or reaches, as flehemicar Fish Advisories Tier 1 Tier 2¢ Total
fined in this study.) Mercury wa$
the contaminant most often asspercury 1,119 0 89 89
ciated with fish consumption ad-pcBs 387 1,498 732 2,230
visories; 1,119 water bodies hgdhlordane 114 11 1,026 1,037
advisories that included mercurybioxins 53 242 8 250
States also issued a large numi&PT and metabolitgs 28 19 656 675
of advisories because of high leyPieldrin 15 9 1,296 1,305
els of chlordane, PCBs, and diokSelenium 12 0 4 4
ins in fish tissue. Mirex 10 0 15 15
PAHs 5 0 529 529
. . Toxaphene 4 0 183 183
. A dl!’eCt comparls_on of thg Hexar(]:hlorobenzena 3 0 53 53
fish advisory contaminants ang .4 2 0 259 259
NSI contaminants is not possiblgjexachiorobutadiehe 2 0 6 6
because states often issue advis@reosote 2 B - .
ries for groups of chemicals. Ney-chromium 1 0 6 6
ertheless, five of the top sikCopper 1 0 4 4
contaminants associated with figginc 1 0 14 14

advisories (PCBS, DDT, die|drin,aOther chemical groups responsible for fish consumption advisories (i.e., pesticides [24 water bodies], “multiple” [4 water
Chlordane, and diOXinS) are als@odles], not specified” [4 water. bodies], and metals [6 waterlbodles]) could not bel directly compared to NSI chemicals.
No reference values were available for creosote; therefore, it was not evaluated in the NSI data evaluation.

among the Contaminants most Of“Does not include statewide advisories
ten responsible for the Tier 1 clas- Mercury: New York, New Jersey, Maine, Massachusetts, Michigan, coastal Florida
g . . Chlordane: Missouri
sification of water bodies based 0N cge: New York
potential human health effectsé Dioxin: coastal Maine _
(Table 5_1) AS i“ustrated in Fig_eAlwater body can F)e composed of numelzrous river Teacheé. . , .
River reaches that include at least one Tier 2 sampling station but no Tier 1 sampling stations.

ure 5-1, many sampling stations
categorized as Tier 1 or Tier 2 for
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Figure 5-1. Tier 1 and Tier 2 Sampling Stations for Potential Risk to Human Health Located Within Water Bodies with Fish Consumption Advisories
in Place for the Same Chemical Responsible for the Tier 1 or Tier 2 Classification.
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data must both indicate human health risk for Tier 1 assignnfants from developmental effects for populations where
ment. Unfotunately, the bioaccumulation potential of exposure is greater than 6.5 grams of fish per day. Itis
mercury based on concentrations in sediment cannot kaso likely that many of the data used to develop state
assessed because the biota sediment accumulation factbsh consumption advisories are not included in the NSI,
(BSAFs) used for this study apply only to nonionic organicor are not evaluated for sediment contamination because
compounds. In addition, available fish tissue data fothey are measurements in pelagic or migratory fish.
mercury did not place a large number of sampling stations

in Tier 2 for potential human health effects, compared t(Sensitivity of Selected PCB

the number of fish consumption advisories issued.  Evaluation Parameters

. There are three possiblg explanations for the rela-  Because PCBs and dioxin are extremely hydropho-
tively small number of sampling stations categorized ag;c chemicals commonly associated with sediment, and

Tier 2 for mercury in comparison to the number of fishpecqse of their toxicity to humans, EPA believes that
consumption advisories in place for mercury. The firsy|eyated levels of PCBs and dioxins in fish tissue of

explanation is that the NSI evaluation was limited torggjgent, demersal species are sufficient evidence to in-
data from resident demersal species, whereas data usglate a higher probability of adverse human health ef-
in support of issuing state fish advisories probably intects and to place a sampling station in Tier 1. Based on
cluded pelagic and migratory species. The second pOgye NS| data evaluation, PCBs were responsible for the
sible explanation is that the evaluation parameters Useflgr 1 classification of more sampling stations than any
in the analysis were not as stringent as the ones useddher chemical. Therefore, EPA conducted a sensitivity
support fish consumption advisory issuance. The third,,ysis of some PCB evaluation parameters to deter-

explanation is that the NSI does not include all of theying the effect on the number of sampling stations clas-
data used by the states to issue fish advisories. sified as Tier 1 or Tier 2.

To examine these possible explanations, EPA per- |, the NS| evaluation, EPA selected a precautionary
formed additional analyses of mercury fish tissue dat%pproach for the analysis of PCBs. The approach is pre-
included in the NSI. The current evaluation, using aﬁsn:autionary because it does not require matching sedi-
tissue screening value of 1 part per million (ppm), yield§yent chemistry and tissue residue data for PCB, and it is
103 Tier 2 sampling stations (4 percent of all stationg,5seq on the risk of cancer for all PCBs congeners or
with detectable levels). If data from all edible pelagic;yiq] PCB measurements. However, some PCB conge-
and migratory species are included in the analysis, theigys are considered a greater threat for noncancer effects

are 374 Tier 2 sampling stations (9 percent of all stationg, o, for cancer. The evaluation currently places 2,256
with detectable levels). A fish tissue threshold of 0.6 ppmyisg e sampling stations in Tier 1 based on human health

derived using the more stringent referencg do;e (O..OO.OQESOW:er risk. Only 542 of these sampling stations in-
mg/kg-day) recommended to states for issuing fishing,4ed matching sediment and tissue data for PCBs.
advisories to protect against developmental effect§perefore, the number of sampling stations classified as

among infants (USEPA, 1994f), yields 821 Tier 2 samplingrier 1 would have decreased significantly if this match
stations (20 percent of all stations with detectable levels),q peen required.

when applied to all edible species using the consumption
rate for an average consumer of 6.5 grams per day. However, gpa performed additional evaluations to determine

fish consumption advisories are often issued for morg,s nymber of sampling stations that exceed other screen-
h.lghly exposed populations, such as r(_ecreatl.onafl or _SUlﬂﬁg values which are less precautionary than those se-
sistence fishers. The 0.2 ppm Canadian guideline limifcteq for the PCB evaluation in this study. The complete

for mercury in fish that are part of a subsistence diefeqyits are presented in Appendix H, which includes a
yields 2,308 Tier 2 sampling stations (56 percent of albomnarison of the number of sediment and fish tissue

stations with detectable levels) when applied to all Edibl%ampling stations with detectable levels of PCBs that

species in the NS database. Further details of the addlyceeq various evaluation parameters for both aquatic
tional mercury analyses are provided in AppendiX H. |ita and human health.

The conclusion resulting from these additional Sampling station evaluation based on PCB contami-
analyses is that all three explanations for the discremation is quite sensitive to the selection of evaluation
ancy in numbers of fish advisories and Tier 1 and Tier parameters. For protection of fish consumers, there are
sampling stations for mercury probably have an effectessentially three distinct levels of protection. Using an
Most fish consumption advisories are issued to protedEPA cancer risk of 19(i.e., a 1 in 100,000 extra chance
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of cancer over a lifetime of 70 years) or greater, 85 percemtds employed by multiple Federal agencies. The evalu-
or more of the sampling stations with detectable PCRation approach addresses potential impacts to both aquatic
levels are classified as Tier 1. About one-half to two-thirddife and human health.
of the sampling stations are classified as Tier 1 for
exceedances of PCB levels protective of noncancer Because of the complex nature of the reactions
health effects, cancer risk at a*lfisk level, or levels among different chemicals in different sediment types,
exceeding the wildlife criterion. Less than one-third ofin water, and in tissues, no single sediment assessment
the stations are classified as Tier 1 using the FDA levekchnique can be used to adequately evaluate potential
of protection. As documented in Appendix H, these peradverse effects from exposure to all contaminants. Un-
centages vary depending on use of a BSAF safety factarertainties and limitations are associated with all sedi-
and whether one is examining the set of fish tissue dataent quality evaluation techniques. To compensate for
or sediment chemistry data. These three levels of protethose limitations, EPA has used multiple assessment tech-
tion vary within two orders of magnitude, a range thatiques, alone and in combination, to evaluate the NSI
covers most of the distribution of PCB measurements.data. For example, EPA developed draft SQCs based on
the best scientific data available and extensive peer re-
Although sampling station classification for PCB view. Therefore, EPA believes that the draft SQCs are
contamination is quite sensitive to selection of evaluatiomeliable benchmarks for protecting sediment quality, and
parameters, overall station classification using the complet@ith measured TOC can indicate a higher probability for
NSI evaluation for all chemicals is more robust. Usingadverse effects to aquatic life. In addition, EPA believes
the selected PCB evaluation parameters, there atbat other sediment chemistry screening values (ERMs/
15,922 total Tier 1 and Tier 2 sampling stations. If PCBERLS, PELS/TELs, AETs, and SQALS) are also useful in-
are dropped from the analysis entirely, the total numbedicators of probability for aquatic life impacts. The
of Tier 1 and Tier 2 sampling stations remains about thé&gency applied a weight-of-evidence approach for evalu-
same (less than a 5 percent decrease), but the numberabdihg contaminant levels using these screening values,
Tier 1 sampling stations decreases by approximately 4@ quiring the exceedance of multiple upper sediment
percent. If PCBs are evaluated using a noncancer humahemistry screening values (i.e., ERM, PEL, AET-high,
health threshold, the total number of Tier 1 and Tier 2r SQAL) for classification of Tier 1 sampling stations.
sampling stations decreases by less than 2 percent and
the number of Tier 1 sampling stations decreases by The screening values used to evaluate the NSI data
approximately 12 percent. Figure 5-2 shows the locatioimclude both theoretical and correlative approaches. The
of Tier 1 and Tier 2 sampling stations that exhibit potentiatheoretical approaches (e.g., draft SQCs, SQALs, and
human health risks for all chemicals other than PCBs folf BPs) are based on the best information available con-
comparison to Figure 3-6 in the results section. Approxieerning how chemicals react in sediments and organisms
mately 78 percent (6,670 of 8,523) of the total number ofind how organisms react to those chemicals. The cor-
Tier 1 and Tier 2 sampling stations indicating human healthelative approaches (i.e., ERMs/ERLs, PELS/TELs, and
risk remain after excluding PCBs from the evaluation.  AETs) are based on matched sediment and biological
data gathered in the field and in the laboratory, and they
Streng‘ths of the NSI Data provide substantial evidence of actual biological effects
Evaluation from sediments contaminated with specific concentra-
tions of the chemicals.
For this report to Congress, EPA has compiled the
most extensive data base of sediment quality information ~ The NSI evaluation approach includes assessments
currently available in electronic format. To evaluatse  of potential impacts to both human health and aquatic
data, EPA has applied sediment assessment techniquife. Some chemicals pose a greater risk to human health
in a weight-of-evidence approach recommended by nation#han to aquatic life; for others, the reverse is true. By
experts. The process to produce this report to Congresyaluating both potential human health and aquatic life
has engaged a broad array of government, industrympacts, EPA has ensured that the most sensitive end-
academic, and professional experts and stakeholders point is used to assess environmental impacts.
development and review stages. The evaluation ap-
proach utilizes sediment chemistry, tissue residue, and Because sediment chemistry data are not the only
toxicity test results. The assessment tools employed imdicators of potential environmental degradation due to
this analysis have been applied in North America withsediment contamination, the NSl data evaluation approach
results published in peer reviewed literature. Toxicityalso includes evaluations of fish tissue residue and toxicity
test data were generated using established standard mediata. If high levels of PCBs or dioxins (which are highly
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Figure 5-2. Sampling Stations Classified as Tier 1 or Tier 2 for Potential Risk to Human Health Excluding PCBs.
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Conclusions and Discussion

hydrophobic organic chemicals commonly found assothe NSI evaluation. Although numerous data sets identi-
ciated with sediments) were measured in fish tissue atfeed sampling and laboratory methods, most data did
given sampling station, the station could be categorizedot have this information. In addition, some data sets
as Tier 1 with no corroborating sediment chemistry dataincluded in the NSI were not peer-reviewed (i.e.,
For other chemicals, high concentrations in tissues aloriRegion 4's Sediment Quality Inventory, the Gulf of
were not sufficient to categorize a sampling station adexico Program’s Contaminated Sediment Inventory,
Tier 1; corroborating sediment chemistry data were alsand some data sets from EPA's STORET). Furthermore,
required. For a sampling stations to be categorized asach monitoring program used unique sampling and
Tier 1 based on toxicity data alone, multiple toxicity testsanalysis protocols. For example, PCBs, the chemical
with positive results using two different test species wergroup most often responsible for placing sites in Tier 1,
required. One of the tests had to be a solid-phase testwere measured by nearly all of the programs but were
analyzed and reported as aroclor-specific data, conge-
Although EPA has developed draft SQCs for onlyner-specific data, total PCBs, or a combination of these.
five nonionic organic chemicals, the Agency has devel-
oped similar values, the SQALs, for an additional 35  The only quality assurance/quality control (QA/QC)
chemicals as part of the NSI data evaluation. The SQALmformation required for data to be included in the NSI
have allowed EPA to evaluate more chemicals using mulwas information on the source of the data and the loca-
tiple assessment techniques, thereby adding more weigtibn of the sampling station. Available information on

of evidence to the results of this evaluation. several types of QA/QC procedures that can influence
the quality of the data and can be used to check the

Limitations of the NSI Data quality of data was included in the NSI. None of this

Evaluation information, however, was required before a data set

could be included in the NSI. Evaluation of such infor-

This methodology was designed for the purpose ofnation can provide an indication of the quality of the

a screening-level assessment of sediment quality. A cof@t@ used to target a specific site. Table 5-2 presents a

siderable amount of uncertainty is associated with thdummary of the known QA/QC information associated
site-specific measures, assessment techniques, expostfifh each of the data sets included in the NSI.

scenarios, and default parameter selections. Therefore, ) ) ) )
the results of evaluating particular sampling stations ~Data reporting was also inconsistent among the dif-

based on this methodology should be followed up witHferent data sources. Inconsistencies that required resolu-

more intensive assessment efforts, when appropriate (e.g%n included the lack or inconsistent use of Chemical
for water bodies with multiple Tier 1 sampling stations/\PStract Service (CAS) numbers, analyte names, species

located in APCs). Two types of limitations are associ"@mes, and other coding conventions, as well as the lack

ated with the evaluation of the NSI data: limitations as2f detection limits and associated data qualifiers (remark

sociated with the data themselves and Iimitationé:Odes)- The evaluation of toxicity data required the pres-
associated with the evaluation of the data. ence of control data. Control data were not often ini-

tially reported with the data, and significant follow-up
work was required to acquire such data. In addition, 4 of
the 11 sources of toxicity test data used in the NSl evalu-
The NSI is a multimedia compilation of environ- ation did not report the use of laboratory replicates.
mental monitoring data obtained from a variety of
sources, including state and federal government offices. Some of the data included in the NSI were compiled
Inherent in the diversity of data sources are contrastingS early as 1980 (the data cover the period of 1980-93)
monitoring Objectives and scopes, which make Compariand mlght not reflect current conditions. The analySiS
son of data from different data sets difficult. For exampledid not include a temporal assessment of trends in sedi-
several of the databases contain only information froninent contaminant levels. Emissions of many prominent
marine environments or other geographically focusegontaminants declined during the 1980s, and significant
areas. The potential for inconsistencies in measured cofemediation efforts have taken place at many locations
centrations of contaminants at different stations exist§ince that time. In addition, dredging, burial, and scouring
for samples taken from different monitoring programs.Might have removed contaminants from some sampling
For example, sampling different age profiles in sedimentsStations. The lack of a trend analysis in sediment con-
applying different sampling and analysis methods, and@mination over time is an important limitation of this
sampling for different objectives can affect the results oftudy and will be investigated in future NSI evaluations.

Limitations of Data
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Table 5-2. National Sediment Inventory Database: Summary of QA/QC Information

Are There Are the Sampling | Are the Detection
QA/QC Reports and Analytical Limits for the
to Accompany | Were the Data | Methods Identified | Analytes Included
Database the Data? Peer-Reviewed?| inthe Database? | in the Database? Comments

ODES Yes Yes, 301(h) datd Yes Yes Data Qualifiers
EMAP (VA and LA Provinces Yes Yes Yes Yes Data Qualifiers
Seattle; U.S. Army Corps of
Engineers Yes Yes Yes Yes Data Qualifiers
Region 4 Some No Some Yes Data Qualifiers
Gulf of Mexico Some No Some Yes Data Qualifiers
COSED Yes Yes Yes Some
Great Lakes Yes Yes Yes Yes
DMATS Some Yes Yes Yes Data Qualifiers
STORET Unknown Unknown No Yes Data Qualifiers
Massachusetts Bay (USGS) Some Yes Yes Yes

Some data parameters are consistently abseteen collected in the same or very similar sampling sta-
throughout the NSI database. (Refer to Appendix Ations, if the station names were not identical, the data
Tables A-1 and A-2, for information on the number of NSicould not be treated as if they were collected from the
stations at which the various types of data were collectedsame location. This very likely resulted in an underesti-
For example, very few site-specific TOC or AVS data arenate of the number of Tier 1 stations identified based on
available, and toxicity data or matched sediment chempotential human health effects. The underestimate oc-
istry and biological data were available at relatively fewcurred because exceedances of sediment TBP and tissue
sampling stations. For many of the fish tissue data inlevels (EPA risk levels and FDA levels) at the same sam-
cluded in the NSI, the species was not identified. pling station were required to categorize stations as Tier 1.

The lack of AVS data in the NSI was a significant The lack of consistency among the different moni-
limitation for the evaluation of metals data. The NSIltoring programs in the suite of chemicals analyzed also
includes a relatively large amount of metals data, andepresents an area of uncertainty in the NSI data evalua-
the data indicate that metals concentrations in sedimemion. Certain databases contain primarily information
are elevated in many areas. At some stations the elevatddscribing concentrations of metals or pesticides, whereas
metals concentrations might indicate a potential probethers (e.g., STORET and ODES) contain data describ-
lem; however, no sampling stations in the NSI could béng concentrations of nearly every chemical monitored
placed in Tier 1 solely from measured concentrations oih all of the NSI data. Many monitoring programs use a
cadmium, copper, nickel, lead, or zinc. This reflects inscreening list of chemicals that are indicator pollutants
large part the absence of AVS data, which are required for contaminated sediments. Thus, many of the specific
place sampling stations contaminated with those metalshemicals assessed in the NSI data evaluation are not
in Tier 1. always measured in samples. In addition, certain classes

of in-place sediment contaminants might not be

The unavailability of matching sediment chemistryrecognized as causing significant impacts and thus are
and tissue residue data also limited the NSI data evaluaot routinely measured.
tion. In several instances, fish tissue was not analyzed
for the same suite of chemicals for which sediment was Information describing local background levels of
analyzed. Spatial and temporal limitations of the dataediment contaminants was usually not presented with
might have directly affected the analysis. Although somehe data included in the NSI and thus was not considered
sediment chemistry and tissue residue data might hawehen the significance of elevated contaminant concen-
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Conclusions and Discussion

trations in sediment was evaluated. Background condieentration of metals (i.e., simultaneously extracted met-
tions can be important in an evaluation of potential adals [SEM]). The [SEM]-[AVS] difference is most appli-
verse effects on aquatic life because ecosystems can adapble as an indicator of when metals are not bioavailable.
to their ambient environmental conditions. For examplelf [AVS] exceeds [SEM], there is sufficient binding ca-
high metals concentrations in samples collected from pacity in the sediment to preclude metal bioavailability.
particular station might occur from natural geologicalHowever, if [SEM] exceeds [AVS], metals might be bio-
conditions at that location, as opposed to the effects afvailable or other nonmeasured phases might bind up
human activities. the excess metals. To apply the [SEM]-[AVS] difference
to indicate positive bioavailability and toxicity for this
Most data are associated with a specific location. Agvaluation, EPA used laboratory data that indicated the
a result, establishing the extent of contaminated sedprobability of observed toxic effects at various [SEM]-
ment within a water body is not possible because it i§AVS] levels. Based on these data, EPA defined the Tier 1
difficult to assess the extent to which a monitoring stalevel as [SEM]-[AVS]>5. Thus, this use of [SEM]-[AVS]
tion represents a larger segment of a water body. Furepresents a hybrid of a theoretical approach and a cor-
thermore, the NSI data are geographically biased. Moreelative approach.
than 50 percent of all sampling stations evaluated in the
NSI are located in 8 states (Washington, Florida, lllinois,  Only those chemicals for which sediment chemistry
California, Virginia, Ohio, Massachusetts, and Wiscon-screening values (i.e., draft SQCs, SQALs, ERLS/ERMs,
sin), which have more than 700 monitoring stations eachiPELS/TELs, and AETSs) are available were evaluated in
Finally, EPA did not verify reported latitude and longi- the analysis of NSI data. Therefore, the methodology

tude coordinates for each sampling station. could not identify contamination associated with chemi-
cal classes such as ionic organic compounds (e.g., alkyl

Limitations of Approach phenols) and organometallic complexes (e.qg., tributyl tin).

Sediment Chemistry Screening Values Biological effects correlation approaches such as

ERMs or PELs are based on the evaluation of paired

There are significant gaps in our knowledge conield and laboratory data to relate incidence of adverse
cerning sediment-pollutant chemistry (especially bio-biological effects to the dry-weight sediment concentra-
availability) and direct and indirect effects on aquatiction of a specific chemical at a particular sampling sta-
biota. The certainty with which sediment toxicity cantion. Researchers use these data sets to identify
be predicted for each chemical using the various screetevel-of-concern chemical concentrations based on the
ing values included in the NSI evaluation can vary sigprobability of observing adverse effects. Exceedance of
nificantly based on the quality of the available data andhe identified level-of-concern concentration is associ-
the appropriateness of exposure assumptions. For eated with a likelihood of adverse organism response, but
ample, draft SQCs and SQALs are not equivalent, eveit does not demonstrate that a particular chemical is solely
though they were developed using the same methodotesponsible. In fact, a given sample typically contains a
ogy. EPA has proposed SQCs for five chemicals based anixture of chemicals that contribute to observed adverse
the highest quality toxicity and octanol/water partition-effects to some degree. Therefore, these correlative ap-
ing data, which have been reviewed extensively. Thg@roaches tend to result in screening values that are lower
draft SQCs have also undergone extensive field validahan the theoretical draft SQCs and SQALSs, which ad-
tion experiments. However, SQALSs for additional chemi-dress the effects of a single contaminant. However, these
cals are in many cases based on a less extensive toxicigrrelative approaches are better at predicting toxicity
data set and have not been field validated. The AEin complex mixtures of contaminants in sediment. The
values used in this evaluation were based on empiric&ffects range approaches to assessing sediment quality
data from Puget Sound. Direct application of values fronalso do not account for such factors as organic matter
Puget Sound to a specific location or region in anothecontent and AVS, which can mitigate the bioavailability
part of the country might be overprotective orand, therefore, the toxicity of contaminants in sediment.
underprotective of the resources in that area. Extensive
collection of data and additional analyses would be re-  Another concern is the application of screening val-
quired to develop AETs for other locations. ues based on freshwater data (draft SQCs and SQALS)

and those based on saltwater data alone (ERLS/ERMs,

The bioavailability of metals in sediment is addressedPELS/TELs, and AETS) to evaluate sediment contaminant
by the comparison of the molar concentration of sulfideconcentrations in the NSI from both freshwater and saltwa-
anions (i.e., acid-volatile sulfide [AVS]) to the molar con- ter habitats. Freshwater organisms exhibit tolerance to
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toxic chemicals similar to that of saltwater species whemxplains the available sediment toxicity data (USEPA,
tested in their respective water; however, estuarine ot993d). An analysis of variance using freshwater and
ganisms might be less tolerant if osmotically stressedaltwater organisms in water-only and sediment toxicity
(Rand and Petrocelli, 1985). Thus, the relative toxicitytests (using different sediments) was conducted to sup-
of a chemical in water (i.e., its chronic threshold wateport development of the proposed sediment criteria. This
concentration) is usually within an order of magnitudeanalysis indicated that varying the exposure medium
for saltwater and freshwater species, although fina(i.e., water or sediment) resulted in an estimate of vari-
chronic values and proposed sediment quality criteriability that should be used for computing confidence
values are usually slightly higher for saltwater specieslimits for the draft SQCs. The methodology used to de-
Ingersoll et al., (1996) reported similar reliability and rive the octanol/water partitioning coefficient and the
predictive ability between marine and freshwater guidefinal chronic value can also influence the degree of un-
lines. Inaddition Long et al., (1995) compared the ERLgertainty associated with the draft SQCs. Differences in
and ERMs with comparable values derived for freshwathe response of water column and benthic organisms,
ter by the Ontario Ministry of the Environment and theand limitations in understanding the relationship of in-
agreement was extremely good. Because of limitationdividual and population effects to community-level ef-
of time and resources, sampling stations in the NSI werfects, have also been noted (Mancini and Plummer,
not classified by salinity regime, and further site-spe-1994). Site-specific modifications to screening values
cific evaluations are required to more definitively assesslerived using the equilibrium partitioning model have
the toxicity at the stations. However, the application ofbeen recommended to better address chemical bioavail-
several different screening values should provide a reability and species sensitivities (USEPA, 1993b). Sedi-
sonable estimate of probability of risk to aquatic life inment chemistry screening values developed using the
freshwater, estuarine, and marine habitats. equilibrium partitioning approach also do not address
possible synergistic, antagonistic, or additive effects of
Additional false positive and false negative classi-contaminants.
fications of risk to aquatic life from sediment contaminant
concentrations could occur when a default value for or-  Based on the theoretical calculations used to com-
ganic carbon content is applied. Draft SQCs and SQALpute SQAL values, it is possible that SQALs might be
are based on the partitioning of a chemical between oerders of magnitude larger or smaller than other screen-
ganic carbon in the sediment and pore water at equilibriuning values used for the analysis (ERLS/ERMs, PELs/
Because the organic carbon content of most sedimeMELs, and AETSs). This might be a result of the limited
samples in the NSI is unknown, these sediment samplegjuatic toxicity data used to develop SQAL values for
were assumed to contain 1 percent organic carbon. Totabme of the contaminants for which water quality crite-
organic carbon (TOC) can range from 0.1 percent in sandya are unavailable. EPA did not develop SQALSs for this
sediments to 1 to 4 percent in silty harbor sediments anahalysis in those cases where toxicity data were consid-
10 to 20 percent in navigation channel sediments (Clarkered inadequate. The approach used to develop SQALSs,
and McFarland, 1991). Long et al. (1995) reported amnd to choose chemicals for which SQALs could not be
overall mean TOC concentration of 1.2 percent from datdeveloped, is presented in Appendix B.
compiled from 350 publications for their biological ef-
fects database for sediments. Ingersoll et al. (1996) re- Fish Tissue Screening Values
ported a mean TOC concentration of 2.7 percent with a
95 percent confidence interval of only 0.65 percent. In  The approach used to assess sediment chemistry data
contrast, the concentration ranges of contaminants nofer the potential to accumulate in fish tissue also repre-
malized to dry weight typically varied by several orderssents a theoretical approach with field-measured com-
of magnitude. Therefore, normalizing dry-weight con-ponents. In addition to applying a site-specific or default
centrations to a relatively narrow range of TOC concenerganic carbon content, the TBP calculation includes a
trations had little influence on relative concentrationsfield-measured biota sediment accumulation factor
of contaminants among samples. Similar findings werédBSAF) to account for the relative affinity of a chemical
reported by Barrick et al., (1988) for AETs and Long etfor fish tissue lipids or sediment organic carbon. The
al. (1995) for ERMs calculated using sediment concenBSAF will account for the effects of metabolism and
trations normalized to TOC concentrations. biomagnification in the organism in which it is mea-
sured. The primary limitation of this approach is the
Uncertainty associated with the equilibrium partition- applicability of a field-measured BSAF, or a percentile
ing theory for developing draft SQCs and SQALs includegrom a distribution of values, at a variety of sites where
the degree to which the equilibrium partitioning modelthe conditions may vary.
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TBPs were assumed to be equivalent to levels deFBPs with FDA tolerance/action and guideline levels
tectable in fish tissue. However, this approach might noand EPA risk levels.
completely account for biomagnification in the food
chain, especially when using a BSAF derived from a  TBPs could not be calculated for polar organic com-
benthic organism. In addition, it is assumed that sedipounds or heavy metals. Therefore, sampling stations
ment does not move, that contaminant sources other thaould not be classified using FDA levels or EPA risk
sediment are negligible, that fish migration does nolevels for those chemicals using a TBP approach (al-

occur, and that exposure is consistent. The TBP calculahough fish tissue monitoring data are often available
tion assumes that various lipids in different organismsor many stations).
and organic carbon in different sediments are similar

and have distributional properties similar to the field- Uncertainties and numerous assumptions are asso-
measured values used to derive BSAFs. Other simplifysjateq with exposure parameters and toxicity data used

ing assumptions are that _chemlcals are S|m|IarIy[O derive EPA risk levels and FDA tolerance/action and
exchanged between the sediments and tissues and that

compounds behave alike, independent of site condition(*::{.uIOIeIIne levels. For example, the derivation of EPA

other than organic carbon content. In reality, physical_rlsk levels is based on the assumption that an individual

chemical processes (e.g., diffusion through porous me:zONSUMes on average 6.5 g/_day of fish caught from the
dia and sediment mixing) can vary and limit the rate af&Me Site over a 70-year period. Also, the TBP calcula-
which chemicals can exchange with bottom sedimentdion for human health assessments assumes fish tissue
Uptake of contaminants by aquatic organisms is also §ontains 3 percent lipid. This value is intended to be
kinetic (rate-controlled) process that can vary and béndicative of the fillet rather than the whole body. Gen-
slowed, for example, by awkward passage of a bulkgrally, the exposure assumptions and safety factors in-
molecule across biological membranes. Also, a BSAF oforporated into toxicity assessments might overestimate
1 (thermodynamic equilibrium) was used to estimaterisks to the general population associated with sediment
TBPs for many nonpolar organics. This BSAF mightcontamination, but might underestimate risks to popu-
overestimate or underestimate the bioaccumulative pgations of subsistence or recreational fishers.

tential for certain nonpolar organic chemicals because it

is assumed that there is no metabolic degradation or Qther Limitations

biotransformation of such chemicals. Site-specific or-
ganic cp_wbon content was often nqt available, which I(_agds Because a humerical score was not assigned to each
to additional uncertainty concerning the Cc.)r.m)ar""b'l'tysampling station to indicate the level of contamination
of BSAFs among different locations. In addition, devel- . . . o .

opment of the BSAFs used in the TBP evaluation re”eéls_somat(_ed with that st_atlon_, It IS not possible to det_er-
on a large amount of data that have not been publishéd'"® Wh'“Ch of”the stations in Tier 1 should _be con5|_d-
or peer-reviewed. Because of these factors, actual re§red the “most” contaminated. Such a numerical ranking
due levels in fish resulting from direct and/or indirectSyStem was intentionally not used for the NSI data evalu-
exposure to Contaminated Sediment m|ght be h|gher cﬁtion because EPA doeS not believe that SUCh ranking iS
lower. There is therefore uncertainty regarding samplingPpropriate for a screening-level analysis such as this,
stations classifications based on comparison of estimategiven the level of uncertainty.
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